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(57) ABSTRACT

A glass fine particle synthesis burner comprising a glass raw
material gas emission path for emitting glass raw material; a
ring-shaped combustible gas emission path for emitting com-
bustible gas arranged outside the glass raw material emission
path; a ring-shaped combustion aiding gas emission path for
emitting combustion aiding gas arranged outside the combus-
tible gas emission path; and small diameter nozzles for emit-
ting the combustion aiding gas within the combustible gas
emission path. In a cross section of the glass fine particle
synthesis burner formed by cleaving orthogonal to a central
axis thereof, when the glass fine particle synthesis burner is
divided into two regions by a predetermined straight line
passing through a center of the glass fine particle synthesis
burner, a total area of the small diameter nozzles in one of the
regions is greater than a total area of the small diameter
nozzles in the other region.

4 Claims, 7 Drawing Sheets
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1
GLASS FINE PARTICLE SYNTHESIS
BURNER, GLASS FINE PARTICLE
DEPOSITION BODY MANUFACTURING
METHOD, AND GLASS FINE PARTICLE
DEPOSITION APPARATUS

The contents of the following Japanese patent applications
are incorporated herein by reference:
No. 2012-279514 filed on Dec. 21, 2012.

BACKGROUND

1. Technical Field

The present invention relates to a glass fine particle syn-
thesis burner (referred to hereinafter as the “burner”) that is
used when manufacturing an optical fiber base material, a
method of manufacturing a glass fine particle deposition body
(referred to hereinafter as the “soot”) using the burner, and a
glass fine particle deposition apparatus.

2. Related Art

In the same manner as optical fiber, the center portion of an
optical fiber base material has a higher refractive index than
the peripheral portion (cladding), and is referred to as the
“core.” The primary structural component in optical fiber is
Si0,, but the core is doped with GeO, in order to increase the
refractive index. In a normal manufacturing method for an
optical fiber base material, a soot manufactured using a vapor
synthesis technique such as vapor axial deposition (VAD),
outer vapor deposition (OVD), or modified chemical vapor
deposition (MCVD) is heated and changed into transparent
glass.

With VAD, the glass raw material gas such as silicon tet-
rachloride is combined with glass fine particles as the result of
a hydrolytic reaction with an oxyhydrogen flame, the glass
fine particles are blown onto and deposited on a rotating
starting member, and the starting member is pulled upward to
be grown in the axial direction, thereby manufacturing the
cylindrical soot.

FIG. 1 shows a state during manufacturing of the soot in
which a plurality of burners are used to form the soot 2 by
depositing the glass fine particles on the starting member 1.
When a plurality of burners are used, a taper is formed on the
soot 2 during manufacturing. The core deposition burner 3
forming the core is supplied simultaneously with silicon tet-
rachloride and a dopant raw material, such as germanium
tetrachloride, and is therefore arranged separately from the
first cladding deposition burner 4 and the second cladding
deposition burner 5. A plurality of burners are often used to
manufacture the soot 2. After the core positioned at the center
is deposited on the starting member using the core deposition
burner 3, the first cladding deposition burner 4 and the second
cladding deposition burner 5 arranged thereabove are used to
form the cladding that covers the outside. As a result, the
portion where deposition is performed gradually gains a
thicker diameter, and forms a tapered shape.

A variety of structures relating to the shapes of these burn-
ers have been proposed and are used. FIG. 2 shows the cross-
sectional shape of a conventional burner 10. The burner 10
shown in FIG. 2 is an example in which a plurality of circular
tubes with different diameters are arranged concentrically,
thereby forming a plurality of ring-shaped gas flow paths. The
glass fine particle gas and combustion aiding gas flow through
the nozzle of the innermost circular tube 10a of the burner 10.
Inert gas as silane gas, hydrogen gas, and combustion aiding
gas flow sequentially, in the stated order, through the ring-
shaped nozzles 11a to 11¢ formed by the adjacent circular
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tubes among the circular tubes 105 to 104 arranged outside
the circular tube 10a, to be emitted from the tip.

FIG. 3 shows a cross-sectional state of another conven-
tional burner 20. As shown in FIG. 3, in a rectangular multi-
layer tube formed by a plurality of rectangular tubes, begin-
ning from the innermost tube, combustion aiding gas and raw
material gas flow through the nozzle 21a, silane gas flows
through the nozzle 215, hydrogen gas flows through the
nozzle 21¢, and combustion aiding gas flows through the
nozzle 21d, and these gasses are emitted from the tip of the
burner.

FIG. 4 shows a cross-sectional state of another conven-
tional burner 30. As shown in FIG. 4, a raw material gas
emission flow path is arranged at the center of a circular
multilayer tube formed by a plurality of cylinders, and a
plurality of supplementary combustion aiding gas emission
paths are arranged as a ring within a combustion aiding gas
flow path formed to surround the raw material gas flow path,
thereby forming a known multi-nozzle burner. The burner 30
includes a nozzle 31a that emits the glass raw material gas and
the combustion aiding gas, a plurality ofnozzles 31¢ that emit
supplementary combustion aiding gas, and a ring-shaped
nozzle 31d that emits hydrogen gas. In addition, the burner 30
includes nozzles 315 and 31e that emit inert gas as silane gas
and a nozzle 31f'that emits combustion aiding gas.

In recent years, due to advances in drawing techniques, it
has become possible to quickly draw large optical fiber base
materials. Furthermore, there has been increased worldwide
demand for optical fiber, and there is a desire that large-scale
optical fiber base material be manufactured in a short time. As
shown in FIG. 1, when a plurality of burners are used to
efficiently manufacture the soot 2, the burner flame for the
cladding deposition contacts the tapered portion of the soot 2.
As a result, the upper portion of the flame is emitted toward
the thicker portion of the soot 2, and the lower portion of the
flame is emitted toward the thinner portion of the soot 2.
However, the burners shown in FIGS. 2 to 4 and described
above each have a vertically symmetric structure with respect
to the central axis of the burner. Therefore, the flame length
and flame diameter at the top portion and bottom portion of
the burner, the emission rate of the flame, and the like are the
same, thereby decreasing the deposition efficiency and mak-
ing it impossible to perform deposition with a suitable flame
on the tapered portion of the soot 2. In order to improve the
deposition efficiency, it is essential to realize a suitable flame
strength division in combination with the tapered portion of
the soot 2, such that the flame emitted toward the thicker
portion of the soot 2 is stronger and the flame emitted toward
the thinner portion of the soot 2 is weaker.

In light of the above problems, it is an object of the present
invention to provide a glass fine particle synthesis burner, a
method of manufacturing a glass fine particle deposition
body, and a glass fine particle deposition apparatus, which can
be used to efficiently deposit glass fine particles even on the
tapered portion of soot.

SUMMARY

In order to solve the above problems, according to a first
aspect of the present invention, provided is a glass fine par-
ticle synthesis burner that is supplied with a glass raw mate-
rial gas, a combustible gas, and a combustion aiding gas and
blows glass fine particles refined in a flame to deposit the
glass fine particles on a starting member, the glass fine par-
ticle synthesis burner comprising a glass raw material gas
emission path for emitting glass raw material; a ring-shaped
combustible gas emission path for emitting combustible gas
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arranged outside the glass raw material emission path; a ring-
shaped combustion aiding gas emission path for emitting
combustion aiding gas arranged outside the combustible gas
emission path; and small diameter nozzles for emitting the
combustion aiding gas within the combustible gas emission
path. In a cross section of the glass fine particle synthesis
burner formed by cleaving orthogonal to a central axis
thereof, when the glass fine particle synthesis burner is
divided into two regions by a predetermined straight line
passing through a center of the glass fine particle synthesis
burner, a total area of the small diameter nozzles in one of the
regions is greater than a total area of the small diameter
nozzles in the other region.

The summary clause does not necessarily describe all nec-
essary features of the embodiments of the present invention.
The present invention may also be a sub-combination of the
features described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view for describing the state during
manufacturing of a glass fine particle deposition body, using
a burner.

FIG. 2 is a cross-sectional view of a conventional burner.

FIG. 3 is a cross-sectional view of another conventional
burner.

FIG. 4 is a cross-sectional view of another conventional
burner.

FIG. 5 is a cross-sectional view of the burner according to
the present embodiment.

FIG. 6 is a cross-sectional view of another burner accord-
ing to present embodiment.

FIG. 7 is a cross-sectional view of the burner used in the
second comparative example.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The inventor of the present invention performed a variety
of investigations and experiments concerning the flame con-
ditions capable of efficiently depositing glass fine micropar-
ticles even on the tapered portion of the soot. As a result, it
was found that there is a suitable flame length and flame
diameter that depends on the shape of the soot. Further
experimentation was performed, and a burner structure was
found that achieves the desired flame state, thereby realizing
the present invention.

The glass fine particle synthesis burner according to the
present embodiment includes a plurality of small diameter
nozzles that emit combustion aiding gas within a combustible
gas emission path shaped as a ring, which emits combustible
gas and is arranged outside the glass raw material emission
path that emits the glass raw material. In the cross-sectional
view of the burner, the positions at which each small diameter
nozzles are arranged within the combustible gas region are
asymmetric with respect to the center of the burner, and there
is also no rotational symmetry among these positions. Fur-
thermore, in the other glass fine particle synthesis burner
according to the present embodiment, the positions at which
each of the small diameter nozzles are arranged within the
combustible gas region have left-right symmetry with respect
to a symmetry line that runs through the center of the burner
and divides the burner into left and right portions, and are also
asymmetrical with respect to a symmetry line that runs
through the center of the burner and divides the burner into
top and bottom portions.
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The following describes the embodiments of the present
invention, based on the drawings. FIG. 5 is a cross-sectional
view of the burner 40 according to the present invention. FI1G.
5 is a view of a cross section obtained by vertically cleaving
the burner 40 at a central axis, and shows an example of the
burner according to the present embodiment. In FIG. 5, in the
burner 40, a plurality of quartz glass circular tubes are layered
in a stacked manner, and the plurality of small diameter
nozzles are arranged in the combustible gas region where the
hydrogen gas flows. Oxygen gas and silicon tetrachloride,
which is the raw material gas, flow through the central nozzle
41a, silane gas flows through the nozzles 415 to 41e outside
the central nozzle, hydrogen gas tflows through the nozzle
41d, and oxygen gas flows through the outermost nozzle 41f.
In the combustible gas region of the nozzle 414, a plurality of
small diameter nozzles 41c¢ are arranged and oxygen gas
flows therethrough.

The burner 40 shown in FIG. 5 differs from a conventional
burner in that, in the cross section of the burner, when the
burner 40 is divided into two regions by the predetermined
straight line passing through the center of the burner, the total
area of the small diameter nozzles 41¢ in one of the regions is
greater than the total area of the small diameter nozzles 41¢ in
the other region. In other words, in the example of FIG. 5, the
predetermined straight line passes through the center of the
burner 40 and is horizontal when the burner 40 is used. When
the burner 40 is separated into top and bottom regions by this
straight line, the top region has five small diameter nozzles
41c¢ with the same area, and the bottom region has two small
diameter nozzles 41¢ with the same area. Accordingly, the
number of small diameter nozzles 41¢ having the same sur-
face is greater in the top region than in the bottom region, and
therefore the total area of small diameter nozzles 41c¢ in the
top region is greater than the total area of small diameter
nozzles 41¢ in the bottom region.

Furthermore, in the cross-sectional view of the burner 40
shown in FIG. 5, the positions of the small diameter nozzles
arranged in the combustible gas region are asymmetric with
respect to the center of the burner and this relationship does
not change when the positions are rotated, thereby showing
that these positions also do not have rotational symmetry. In
other words, in a representative example of a conventional
burner, which is shown by the burner 30 of FIG. 4, when
rotated by nx90° with the center of this burner serving as the
symmetry point, where n is an integer, the small diameter
arrangement is still the same as the original arrangement, and
this is referred to as having rotational symmetry. With the
burner 40 of the present invention shown in FIG. 5, the small
diameter nozzle arrangement becomes the original arrange-
ment only when rotated by nx360°, where n is an integer,
which means that the burner 40 does not have rotational
symmetry.

In this burner 40, the total area of the small diameter
nozzles 41c¢ is different in each region resulting from the
dividing, and therefore the total amount of combustion aiding
gas emitted from the small diameter nozzles 41c¢ is different in
each region. When the total amount of combustion aiding gas
is different, the strength of the flame emitted from the burner
40 is also different, and therefore the strength of the flame
emitted differs according to the region of the burner 40 when
this burner 40 is used. As shown in FIG. 1, when using a
plurality of burners to manufacture the soot 2 as the soot 2 is
pulled upward, the tapered portion is formed in the soot 2 and
the top portion becomes thick while the bottom portion
becomes thin. The region where the flame of the burner 40 is
strong faces the thick portion at the upper end of the soot 2,
and the region where the flame is weak faces the thin portion
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at the lower end of the soot 2. As a result, the thick portion of
the soot 2 is strongly heated by the strong flame emitted
toward the thick portion of the soot 2, while the thin portion of
the soot 2 is weakly heated by the weak flame emitted toward
the thin portion of the soot 2. In this way, the strength of the
flame can be suitably divided according to the tapered shape
of the soot 2.

FIG. 6 is a cross-sectional view of another burner 50
according to an embodiment of the present invention. In the
burner 50 shown in FIG. 6, oxygen gas and silicon tetrachlo-
ride, which is the raw material gas, flow through the central
nozzle 51a, silane gas flows through the nozzles 515 to 51e
outside the central nozzle, hydrogen gas flows through the
nozzle 51d, and oxygen gas flows through the outermost
nozzle 51f. In the combustible gas region of the nozzle 514, a
plurality of small diameter nozzles 51c¢ are arranged and
oxygen gas flows therethrough.

The burner 50 shown in FIG. 6 differs from a conventional
burner in that, in the cross section of the burner, when the
burner 50 is divided into two regions by the predetermined
straight line passing through the center of the burner, the total
area of the small diameter nozzles 51¢ in one of the regions is
greater than the total area of the small diameter nozzles 51¢ in
the other region. In other words, in the example of FIG. 6, the
predetermined straight line passes through the center of the
burner 50 and is horizontal when the burner 50 is used. When
the burner 50 is separated into top and bottom regions by this
straight line, the top region has three small diameter nozzles
51c with the same area, and the bottom region has two small
diameter nozzles 51¢ with the same area. Accordingly, the
number of small diameter nozzles 51¢ having the same sur-
face is greater in the top region than in the bottom region, and
therefore the total area of small diameter nozzles S1c in the
top region is greater than the total area of small diameter
nozzles 51c¢ in the bottom region.

Furthermore, in the cross-sectional view of the burner 50
shown in FIG. 6, the positions of the small diameter nozzles
51c arranged in the combustible gas region have left-right
symmetry with respect to a symmetry line through the center
of the burner dividing the burner into left and right portions.
Furthermore, in the burner 50 shown in FIG. 6, the small
diameter nozzles 51¢ are asymmetric with respect to a sym-
metry line that passes through the burner and divides the
burner into top and bottom portions.

In this burner 50 as well, the total area of the small diameter
nozzles 51c¢ is different in each region resulting from the
dividing, and therefore the total amount of combustion aiding
gas emitted from the small diameter nozzles 51c¢ is different in
each region. When the total amount of combustion aiding gas
is different, the strength of the flame emitted from the burner
50 is also different, and therefore the strength of the flame
emitted differs according to the region of the burner 50 when
this burner 50 is used. As shown in FIG. 1, when using a
plurality of burners to manufacture the soot 2 as the soot 2 is
pulled upward, the tapered portion is formed in the soot 2 and
the top portion becomes thick while the bottom portion
becomes thin. The region where the flame is strong faces the
thick portion at the upper end of the soot 2, and the region
where the flame is weak faces the thin portion at the lower end
of the soot 2. As a result, the thick portion of the soot 2 is
strongly heated by the strong flame emitted toward the thick
portion of the soot 2, while the thin portion of the soot 2 is
weakly heated by the weak flame emitted toward the thin
portion of the soot 2. In this way, the strength of the flame can
be suitably divided according to the tapered shape of the soot
2.
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First Embodiment

Using VAD, the burner 40 shown in FIG. 5 was used, as a
second cladding deposition burner, along with the core depo-
sition burner 3 and the first cladding deposition burner 4, and
these three burners where used to manufacture a soot. In the
burner 40, the region having the greater total area for the small
diameter nozzles 41c, i.e. the region where five of the small
diameter nozzles 41¢ are arranged, was oriented to be the top
region. Therefore, as shown in FIG. 1, the top region of the
burner 40 faced the thick portion of the soot, while the bottom
region of the burner 40 faced the thin portion of the soot.
Using this glass fine particle deposition apparatus, the soot
was manufactured using the following conditions.

Silicon tetrachloride with a flow rate of 3.5 L/min and
oxygen with a flow rate of 2.5 I/min flowed through the
nozzle 41a of the second cladding deposition burner, i.e. the
burner 40, hydrogen with a flow rate of 45 L/min flowed
through the nozzle 414, oxygen with a flow rate of 20 L/min
flowed through the nozzle 41f; and oxygen with a flow rate of
4.0 L/min in total flowed through the small diameter nozzles
41c. On the other hand, oxygen with a flow rate of 7.5 L/min,
hydrogen with a flow rate of 5.0 L/min, argon with a flow rate
0f 0.4 L/min, and silicon tetrachloride with a flow rate of 0.30
L/min flowed through the core deposition burner. Oxygen
with a flow rate of 14 L/min, hydrogen with a flow rate of 14
L/min, argon with a flow rate of 2.2 [./min, and silicon tetra-
chloride with a flow rate of 0.80 L/min flowed through the
first cladding deposition burner. As a result of the manufac-
turing with the above conditions, the overall average deposi-
tion rate was 8.0 g/min and the yield was 71%. The case of
100% yield was calculated based on deposition including
completely hydrolyzing the silicon tetrachloride at a rate of
31.8 g/min and generating silicon dioxide at a rate of 11.2
g/min.

Second Embodiment

Using VAD again, the burner 50 shown in FIG. 6 was used,
as a second cladding deposition burner, along with the core
deposition burner 3 and the first cladding deposition burner 4,
and these three burners where used to manufacture a soot. In
the burner 50, the region having the greater total area for the
small diameter nozzles 51c, i.e. the region where three of the
small diameter nozzles 51c¢ are arranged, was oriented to be
the top region. Therefore, as shown in FIG. 1, the top region
of'the burner 50 faced the thick portion of the soot, while the
bottom region of the burner 50 faced the thin portion of the
soot. The gas flow rate for each nozzle in each burner was the
same as in the first embodiment. As a result of the manufac-
turing with the above conditions, the overall average deposi-
tion rate was 7.7 g/min and the yield was 69%.

First Comparative Example

Using VAD, the burner 30 shown in FIG. 4 was used, as a
second cladding deposition burner 5, along with the core
deposition burner 3 and the first cladding deposition burner 4,
and these three burners where used to manufacture a soot. The
gas flow rate for each nozzle in each burner was the same as
in the first embodiment. As a result of the manufacturing with
the above conditions, the overall average deposition rate was
6.7 g/min and the yield was 60%.

Second Comparative Example

FIG. 7 shows a cross section of the burner 60 used in the
second comparative example. Using VAD, the burner 60
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shown in FIG. 7 was used, as a second cladding deposition
burner 5, along with the core deposition burner 3 and the first
cladding deposition burner 4, and these three burners where
used to manufacture a soot. The gas flow rate for each nozzle
in each burner was the same as in the first embodiment. As a
result of the manufacturing with the above conditions, the
overall average deposition rate was 6.9 g/min and the yield
was 62%.

As shown above, the overall average deposition rate is 8.0
g/min in the first embodiment and 7.7 g/min in the second
embodiment, and these are both higher than the overall aver-
age deposition rate of 6.7 g/min in the first comparative
example and 6.9 g/min in the second comparative example
serving as examples of conventional burners. Furthermore,
the soot manufacturing yield is 71% in the first embodiment
and 69% in the second embodiment, and these are both higher
than the soot manufacturing yield of 60% in the first com-
parative example and 62% in the second comparative
example serving as examples of conventional burners. In this
way, with the present invention, deposition can be performed
with a suitable flame diameter and flame length for the shape
of'the soot. As a result, the deposition rate of the soot can be
increased, and the soot manufacturing yield can be greatly
increased. In this way, by using the burner 40 or the burner 50
shown in the above embodiments or by using the glass fine
material deposition method and glass fine particle deposition
apparatus including the burner 40 or burner 50, the soot can be
manufactured efficiently and a large optical fiber base mate-
rial can be manufactured in a short time.

While the embodiments of the present invention have been
described, the technical scope of the invention is not limited
to the above described embodiments. It is apparent to persons
skilled in the art that various alterations and improvements
can be added to the above-described embodiments. It is also
apparent from the scope of the claims that the embodiments
added with such alterations or improvements can be included
in the technical scope of the invention.

What is claimed is:

1. A glass fine particle synthesis burner that is supplied with
a glass raw material gas, a combustible gas, and a combustion
aiding gas and blows glass fine particles refined in a flame to
deposit the glass fine particles on a starting member, the glass
fine particle synthesis burner comprising:

a glass raw material gas emission path for emitting glass

raw material;

a ring-shaped combustible gas emission path for emitting
combustible gas arranged outside the glass raw material
emission path;

a ring-shaped combustion aiding gas emission path for
emitting combustion aiding gas arranged outside the
combustible gas emission path; and

small diameter nozzles for emitting the combustion aiding
gas within the combustible gas emission path, wherein

in a cross section of the glass fine particle synthesis burner
formed by cleaving orthogonal to a central axis thereof,
when the glass fine particle synthesis burner is divided
into two regions by a predetermined straight line passing
through a center of the glass fine particle synthesis
burner, a total area of the small diameter nozzles in one
of the regions is greater than a total area of the small
diameter nozzles in the other region, and

in the cross section of the glass fine particle synthesis
burner formed by cleaving vertically through the central
axis thereof, positions of the small diameter nozzles

8

arranged within a combustible gas region do not have
rotational symmetry such that the positions of the small
diameter nozzles become the original positions only
when the glass fine particle synthesis burner is rotated by
5 nx360°, where n is an integer.
2. The glass fine particle synthesis burner according to
claim 1, wherein
the small diameter nozzles each have the same area, and the
number of small diameter nozzles in the one region is

10 greater than the number of small diameter nozzles in the
other region.
3. The glass fine particle synthesis burner according to
claim 2, wherein
s in the cross section of the glass fine particle synthesis

burner formed by cleaving vertically through the central
axis thereof, the positions of the small diameter nozzles
arranged within a combustible gas region have left-right
symmetry with a line passing through the center of the
20 glass fine particle synthesis burner and dividing the glass
fine particle synthesis burner into left and right regions
serving as a symmetry line, and are asymmetric with a
line passing through the center of the glass fine particle
synthesis burner and dividing the glass fine particle syn-
25 thesis burner into top and bottom regions serving as a

symmetry line.
4. A method of manufacturing a glass fine particle deposi-

tion body, comprising:

emitting glass raw material via a glass raw material gas

30 emission path of a glass fine particle synthesis burner
having the glass raw material gas emission path, a ring-
shaped combustible gas emission path arranged outside
the glass raw material emission path, a ring-shaped com-

35 bustion aiding gas emission path arranged outside the

combustible gas emission path, and small diameter
nozzles within the combustible gas emission path;
emitting combustible gas via the ring-shaped combustible
gas emission path of the glass fine particle synthesis
40 burner;
emitting combustion aiding gas via the ring-shaped com-
bustion aiding gas emission path of the glass fine particle
synthesis burner; and
emitting the combustion aiding gas via the small diameter
45 nozzles of the glass fine particle synthesis burner,
wherein
in a cross section of the glass fine particle synthesis burner
formed by cleaving orthogonal to a central axis thereof,
when the glass fine particle synthesis burner is divided
into two regions by a predetermined straight line passing
through a center of the glass fine particle synthesis
burner, a total area of the small diameter nozzles in one
of the regions is greater than a total area of the small
diameter nozzles in the other region, and
in the cross section of the glass fine particle synthesis
burner formed by cleaving vertically through the central
axis thereof, positions of the small diameter nozzles
arranged within a combustible gas region do not have
rotational symmetry such that the positions of the small
diameter nozzles become the original positions only
when the glass fine particle synthesis burner is rotated by
nx360°, where n is an integer.
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